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ZONED OUT: ASSESSING THE STATISTICAL SIMILARITY OF
RESTORATION AND REFERENCE SITES IN PORT SUSAN BAY
Madison Hoiland*, Program on the Environment, University of Washington
Site Supervisor: Emily Howe, Aquatic Ecologist, The Nature Conservancy of  Washington 
Faculty Advisor: Jennifer Ruesink, Department of Biology, University of Washington @MadisonHoiland
BACKGROUND
QUESTION: Has the marsh vegetation in the 
restoration site been successfully restored?
Thank you to:
vEmily Howe and the 
monitoring team for making 
mudflats and snake pits a blast
vProf. Ruesink for her data 
analysis expertise
vMy capstone cohort 
vMy housemates and family for 
endless encouragement
v Padilla, Skagit, and Port Susan Bay estuaries are expected to 
lose 77% of brackish marshes and 91% of estuarine beaches by 
2100 due to climate change and human interference (Glick 
2007) 
v In 2012 the Nature Conservancy (TNC) removed a dike in 
Port Susan Bay (PSB) to restore river connectivity, salmon 
rearing habitats, and self-sustaining native tidal wetlands
v Post-restoration monitoring (Fig. 1) is critical to assessing 
effects of dike removal and ensuring project goals were met
v Reference sites (Fig. 2) provide data on natural marsh 
conditions to understand vegetation changes over time
METHODS
Internship: Collected site- and marsh-
scale vegetation data in Port Susan Bay 
during June 2019 
Data Entry: Created comparison charts 
for average Scpu and Bosp biomasses 
(Fig. 1), percent cover,  and sum of all 
bulrushes (Scpu, Scta, and Bosp) in 
middle marsh elevations of each zone 
Data Analysis: Calculated  T-test values in 
excel comparing the restoration site 
(zone 2) to each reference zone (1 & 3-
5) for each variable (Fig. 2)
RESULTS
Figure 3: Part of the PSB team holding trash 
collected in the marsh (Im in pink)
SUMMARY
Figure 2: 2012 map of PSB estuary 
monitoring zones and transects. Zones 
are numbered based on freshwater 
influence. Zone 2 is the restoration site, 
1& 3-5 are reference sites,  and 6 and 7 
are additional learning sites.
(Fuller 2017)
*
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Chart A: 
Average Bosp
biomass (Fig 1B.) 
Restoration site is 
only statistically 
similar to Reference 
zone 1. An astrisk
shows a significantly 
similar zone.
(t-value 0.080)
Chart B: 
Average Scpu
biomass (Fig 1C).  
Restoration site 
Is statistically 
similar zone to 
Reference zone 4 
(t-value 0.906)
Chart C: 
Sum of bulrush (Scpu, 
Scta, Bosp; (Figure 1) 
biomass present in 
each zone. The 
restoration site is 
statistically similar to 
Reference zone 1 
(t-value 0.738) 
Chart D: 
Percent cover of 
each zone. 
Restoration site is 
very statistically 
similar to Reference 
zones 4 and 5 
(t-value 0.426 and 
.946 respectfully)
v Bosp dominates the restoration zone, resembling the 
productive Zone 1 (Chart A). This surprised TNC.
v Scpu was not as successful as Bosp post-restoration 
(Chart B). Biomass was similar to that of zone 4, the 
site with the least percent cover (Chart D)
v Having multiple reference zones was useful for 
understanding what is “normal” marsh.  There is 
considerable variability within and between zones, as 
evidenced by the standard deviation bars in         
charts A-D
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Figure 1 A-C:  Dominant marsh 
species of PSB. A. Schoenoplectus
tabernaemontani (soft stem bulrush; 
Scta), B. Schoenoplectus Pungens (3 
square bulrush,;Scpu) , 
Bolboschoenus Species (river and 
marine bulrush; Bosp)
v Estuaries are complicated systems with many 
confounding marsh structure variables 
v Monitoring is a critical step in adaptive management
v Continued research and intervention to adapt to 
future uncertainties and changing conditions can help 
improve marsh resilience to climate change (Fig 3)
v Next steps include assessing changes over time since 
2012 and determining driving marsh structure 
variables
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